Background: To assess the incidence of venous thromboembolism (VTE) and bleeding events with or without thromboprophylaxis and the associated costs in a cohort of medically ill patients in both in-hospital and outpatient settings.
Background
Venous thromboembolism (VTE), including deep vein thrombosis (DVT) and pulmonary embolism (PE), is an important cause of disability and death. Many patients require hospitalization, and the annual death rate from VTE is estimated to be as high as 300,000 persons per year [1] . Various medical diseases confer a high risk of VTE, including malignant neoplasms, with and without chemotherapy; prior superficial vein thrombosis; and neurological diseases with extremity paresis [2] . Among hospitalized non-surgical patients, VTE risk is especially high in those who are critically ill. Moderate to high risk of VTE has been documented in patients with acute myocardial infarction (MI; 24%) and in the paretic or paralyzed lower extremity of ischemic stroke patients (55%) [3] .
The American College of Chest Physicians (ACCP) guidelines on antithrombotic therapy recommend the use of pharmacologic thromboprophylaxis in hospitalized medical patients at significant risk of VTE [3, 4] . However, despite these guidelines, VTE prophylaxis is underutilized for medical non-surgical patients compared with surgical patients [4] [5] [6] .
While results of randomized trials or prospective observational studies could determine the benefits of VTE prophylaxis in hospitalized medically ill patients, this approach would be both expensive and time consuming. Moreover, in areas such as VTE prophylaxis, real-world practices often significantly diverge from clinical trial methodologies. The present analysis attempts to address this problem. We have used an electronic hospital drug database with linked outpatient data to specifically investigate the use of thromboprophylaxis and rates of outcomes events such as VTE, major bleeding, minor bleeding, and costs among medically ill patients, both during hospitalization and post-discharge.
Methods

Data Sources and Study Population
This analysis used a subset of the MarketScan ® databases and linked outpatient files from the Market Scan Commercial and Medicare Supplemental databases from Thomson Reuters. The Market Scan Commercial and Market Scan Medicare Supplemental databases [7] include submitted claims (UB02 format) linked to detailed servicelevel hospital bills for the same admissions. By 2007, data for nearly 22,189 patient-level hospital records had been successfully linked to longitudinal claims histories in the Market Scan Commercial and Market Scan Medicare Supplemental databases. The linkage was conducted for 172 hospitals identifiable in both the hospital and claims databases. The data include full census annual admissions for each contributing hospital. Claims data are fully adjudicated and paid claims from covered medical and pharmacy services are from geographically dispersed private and public health plans [8] .
For our analysis, the following patient-level identifiers were used to match the claims and inpatient databases: admission date, discharge date, age, sex, and principal diagnosis; cases that were uniquely characterized by these variables were identified. The paid claims were linked with a record that matched the same combination of these variables. This match was considered to be the same patient, given that each combination of matching variables was unique within the hospital census [9] .
For this analysis, data from commercial and Medicare patients, between January 1, 2005, and December 31, 2007, with a first principal medical diagnosis that fell into the acute medical illness category were considered for inclusion. Categories included: (1) chronic heart failure, (2) thromboembolic stroke, (3) severe lung disease, (4) acute infection, and (5) cancer. (See Appendix for ICD-9-CM codes used to identify medical conditions.) For inclusion, all patients must have had continuous enrollment in their health plans for ≥180 days prior to and 180 days following the date of admission, which was defined as the index date.
Demographic (age, gender, geographic location) and clinical characteristics were derived from the claims database. The Deyo adaptation of the Charlson Comorbidity Index [10] [11] [12] was used to calculate relative baseline comorbidities for each patient. Presence of hypertension, renal disease, and cancer (excluding myelodysplastic syndrome) during the baseline period were also identified, and baseline characteristics were compared among the patient cohorts. Descriptive statistics were calculated as means ± standard deviation (SD) and percentages. Differences between the cohorts were analyzed using the t-test, Mann-Whitney U test, and chi-square test.
The timing of use of any guideline-recommended anticoagulant-low molecular weight heparin (LMWH), warfarin, unfractionated heparin (UFH), or fondaparinux-was measured from the index date until 180 days after hospital discharge. In order to determine whether prophylaxis use was appropriate according to published guidelines [4] , patients had to have received any anticoagulant after the index date and within 30 days of hospital discharge and before the date of their first clinical VTE.
Patients who developed clinical VTE were identified on the basis of: (1) All outcomes were assessed 180 days from the index hospitalization. In addition to the incidence of VTE events, the incidence of major and minor bleeding was also assessed, using the appropriate ICD-9-CM codes. The median time to all outcome events was estimated using the Cox proportional hazard regression model. Costs for 180 days post-discharge were calculated to compare patients in the no-prophylaxis cohort with patients in the any-anticoagulant prophylaxis cohort.
Logistic regression fits models of the rate of event were used to estimate risk-adjusted event rates within 180 days of discharge. A generalized linear model with a log-link function and gamma distribution was used to assess the independent effects of covariates on total 180-day followup costs. Statistical analyses were performed using SAS ® v9.2 and STATA ® v10 software.
Results
A total of 11,135 patients from the linked database met the inclusion criteria for medical patients at risk of VTE. The most-common medical diagnosis was severe lung disease (34.43%), followed by cancer (21.26%), thromboembolic stroke (15.12%), acute infection (14.89%), and chronic heart disease (14.30%). The average age of patients was 66 years; 47.8% were men and 52.2% women. Most patients lived in the southern part of the United States. During the 6-month baseline period, the most commonly identified risk factors for VTE were hypertension (39.41%) and diabetes (23.73%). VTE was diagnosed in 2.56% of patients. The total outpatient cost at baseline was $17,815 per patient (Table 1) . Of the eligible patients, only 5932 (53.2%) received the appropriate anticoagulant VTE prophylaxis. The rate ranged from 69.3% in chronic heart failure to 46.3% in cancer patients (Table 2 ). In patients with no appropriate anticoagulant prophylaxis, the rate of clinical VTE over 180 days was 3.65%; however, clinical VTE rates were much lower by 180 days (1.79%) in patients with appropriate anticoagulant prophylaxis (Table 3) . A clear trend for occurrence of all-cause readmission was observed in 12.99% of patients with no appropriate prophylaxis and 18.83% of those with appropriate prophylaxis. The pattern of greater rehospitalization also existed among patients in the any-anticoagulant prophylaxis cohort. Table 2 presents the risk-adjusted outcome results. The cumulative rate of clinical VTE at 180 days was more than two times higher for patients who did not use appropriate anticoagulant prophylaxis compared with those who did (2.99% vs 1.30%, p < 0.0001). Observed rates of major and minor bleeding were similar in the two cohorts. Table 4 shows that 180-day follow-up costs were significantly associated with outcome events. Of 11,135 patients who had an acute medical illness diagnosed, 296 (2.66%) had clinical VTE, 208 (1.87%) had major bleeding, and 1465 (13.16%) had minor bleeding by 180 days after index hospital discharge. For patients with outcome events, riskadjusted total healthcare costs were significantly greater than for those without events (VTE: $52,157 ± 24,389 vs $24,164 ± 11,418, p < 0.0001; major bleeding: $33,656 ± 18,196 vs $24,765 ± 11,974, p < 0.0001; minor bleeding: $33,690 ± 14,398 vs $23,610 ± 11,873, p < 0.0001).
In the multivariate Cox proportional hazard regression model, two variables were significantly associated with a reduced risk of clinical VTE: thromboembolic stroke (hazard ratio [HR]: 0.42) and treatment with any anticoagulant (HR: 0.37). The median time to clinical VTE for patients receiving anticoagulant prophylaxis was 182 days, whereas for patients without anticoagulant prophylaxis it was only 27 days (p < 0.0001). When controlling for other factors, two significant independent predictors of major bleeding were found: more male patients than female patients had major bleeding during the follow-up period (HR: 1.42, p = 0.0162), and more patients in the western region of the United States than those in the north central region of the United States suffered major bleeding (HR: 0.30, p = 0.0493).
Different patterns were observed for patients with minor bleeding. Fewer patients admitted with chronic heart failure, thromboembolic stroke, or severe lung disease had minor bleeding relative to patients admitted with cancer (HR: 0.79, 0.64, 0.80, respectively) ( Table 5) . Table 6 presents the patient-day-based market share of anticoagulant treatment for patients who have diagnoses of acute medical illness. Among 11,135 patients, 3390 (30.44%) were treated with LMWH, 1629 (14.63%) with warfarin, 3531 (31.71%) with UFH, and 42 (0.38%) with fondaparinux within 180 days after index hospital discharge. The median duration of therapy was 4 days for LMWH and warfarin, 3 days for UFH, and 6 days for fondaparinux. Although warfarin was not administered to the majority of medically ill patients, the total days of warfarin use were the highest. Table 6 that the majority of prescriptions were administered inhospital.
also demonstrates
Discussion
Using a commercially available hospital drug database linked with outpatient claims, we evaluated the incidence of VTE, bleeding events, and associated costs in a cohort of medically ill patients with available prophylaxis information in both in-hospital and outpatient settings. This analysis extends the findings of previously published results in medically ill patients, which presented information limited to retail pharmacy-dispensed medications [13] .
Recent research suggests that approximately two-thirds of medical inpatients with risk factors for VTE may receive some form of thromboprophylaxis and that, typically, thromboprophylaxis is maintained until hospital discharge, as is recommended by ACCP guidelines [4] , in less than a quarter of these patients [5] . In a 2004 retrospective study by Goldhaber and colleagues, only 29% of hospital inpatients had received some form of thromboprophylaxis prior to their VTE events [6] . The International Medical Prevention Registry on Venous Thromboembolism (IMPROVE) found that only 6 in 10 eligible medically ill patients received prophylaxis [14] , whereas the Epidemiologic International Day for the Evaluation of Patients at Risk for Venous Thromboembolism in the Acute Hospital Care Setting (ENDORSE) study found that 37% of patients with cancer or stroke received it [15] . One reason for this lack of adherence to guidelines may be that in the medically ill, the focus is necessarily on the patient's primary diagnosis, at the expense of VTE prophylaxis. For example, in patients with acute myocardial infarction (MI), ischemic cerebrovascular disease, or atrial fibrillation (AF), the prevention of arterial thrombosis is a primary goal and the prevention of VTE is secondary.
Results from the current analysis showed that despite existing guidelines, almost 47% of patients (n = 5203) did not receive appropriate anticoagulant prophylaxis, highlighting the underuse of appropriate anticoagulant prophylaxis in a wide range of medical inpatients at risk of VTE in the real world. Although clinical VTE rates during hospitalization were not evaluated in this analysis, the risk factors studied confirmed that appropriate anticoagulant prophylaxis use is significantly associated with an overall reduced risk of clinical VTE, including events occurring after hospital discharge.
This analysis also demonstrates that appropriate anticoagulant prophylaxis use, defined by recommendations in published guidelines [4] , significantly contributes to a decrease in follow-up total healthcare costs. Indirect morbidity costs (lost income from work due to the condition or disability), and indirect mortality costs (lost income due to early mortality) associated with VTE, which we did not evaluate in this analysis, contribute to the overall cost of patient care. Therefore, improving rates of appropriate anticoagulant prophylaxis will reduce the burden of VTE on the US healthcare system.
There are limitations to our analysis. First, it is based on retrospective records, which cannot provide full information on how physicians decide whether to adopt the prophylaxis practices recommended in current guidelines. While a determination of appropriate anticoagulant use was based on the primary reason for hospital admission, it is possible that inappropriate anticoagulant prophylaxis may result from other factors or a secondary diagnosis. However, the hospital-linked database was validated and has been used for many retrospective studies.
The next set of limitations is typical of any retrospective claims database. While claims data are extremely valuable for treatment patterns, healthcare resource utilization, and costs, these data are collected for the purpose of payment rather than research. The presence of a diagnosis code on a medical claim is not necessarily proof of the presence of disease, as diagnoses may be incorrectly coded or included as rule-out criteria rather than actual disease. However, we applied detailed quality checks to the data set before starting the analysis in order to mitigate these problems. Over-the-counter medications (e.g. aspirin) and physician-provided samples were not measurable in the claims data. However, since our analysis is descriptive and based on evaluating the effect of anticoagulant prophylaxis on the incidence and costs of VTE in medically ill patients, we do not believe this lack of information on over-the-counter medicine would significantly affect our results. This analysis suggests that in a large proportion of US patients diagnosed with an acute medical illness in the United States, the percentage of those who receive appropriate anticoagulant prophylaxis drugs is too low. An increase in this percentage would likely significantly decrease VTE rates and total follow-up healthcare costs. Among possible reasons for the underuse of appropriate prophylaxis may be a delay in adopting clinical practice guidelines by physicians, who often view guidelines as difficult to apply [15] . Physicians' attitudes, fears about increased risk of bleeding, and adherence problems resulting from limitations of current therapies might also contribute to this lack of prophylaxis use [14] .
Conclusions
Appropriate anticoagulant prophylaxis results in lower VTE event rates and total follow-up healthcare costs in medically ill patients. However, in real-world populations in the United States, adherence to guideline-recommended anticoagulant prophylaxis in patients diagnosed with an acute medical illness is low.
